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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ink jet head in which ink 
ejection performance can be made uniform without requiring an intricate 
control. 

SOLUTION: A piezoelectric element 1 7 comprises first through sixth 
piezoelectric ceramic layers 23A-23E and an outer piezoelectric ceramic 
layer 24, a first inner electrode 27, a second inner electrode 26, and a 
common electrode 28. A cut 29 is made in the common electrode 28 
located above a ink pressure chamber 13 corresponding to a nozzle for 
regulating the ink ejection rate in order to reduce the area of the common 
electrode 28 (being defined by width WXY length, for example) depending 
on the speed regulation. According to the arrangement, ink ejection rate 
can be made uniform by reducing deformation of the piezoelectric element 
1 7 in the relevant region. 
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* NOTICES * 

Japan Patent 0££ice is not responsible £or any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Ink-jet head equipment which ink is stored [ equipment ] in the ink pressure room which is characterized by 
providing the following, and which was established in the cavity plate at intervals of predetermined, and pressure 
fluctuation is given [ equipment ] to the aforementioned ink by the piezoelectric device joined to the aforenientioned 
cavity plate, and makes the ink concemed breathe out from a nozzle. The aforementioned piezoelectric device is a 
piezo electric crystal. The individual electrode prepared in the position corresponding to each of the aforementioned 
ink pressure room on this piezo electric crystal. It is a notch so that the front face of the aforementioned piezo electric 
crystal may be prepared by the wrap outermost-layer-of-drum section, it may have a common electrode common to all 
the aforementioned ink pressure rooms and the **** speed of the ink from each nozzle may become uniform at the 
aforementioned common electrode. 

[Claim 2] The aforementioned notch is ink-jet head equipment according to claim 1 characterized by being prepared in 
the center section of the field corresponding to the aforementioned ink pressure room. 

[Claim 3] The amount of notches of the aforementioned notch is ink-jet head equipment according to claim 1 or 2 
characterized by being in proportionality to the amount of slowdown adjustments of the aforementioned **** speed. 
[Claim 4] The aforementioned common electrode is ink-jet head equipment given in any 1 term of the claim 1 
characterized by being an electrode for producing uni-morph deformation, or a claim 3. 
[Claim 5] The aforementioned common electrode is ink-jet head equipment given in any 1 term of the claim 1 
characterized by being the up electrode prepared so that the front face of the aforementioned piezo electric crystal 
might be worn and it might expose outside, or a claim 4. 

[Claim 6] The aforementioned common electrode is ink-jet head equipment given in any 1 term of the claim 1 
characterized by being an electrode for producing bimorph deformation, or a claim 3. 

[Claim 7] The piezoelectric device characterized by what it is prepared so that a piezo electric crystal, the individual 
electrode prepared in this piezo electric crystal in order to form two or more deformation fields, and the front face of 
the aforementioned piezo electric crystal may be wom and it may expose outside, it has a conmion electrode conmion 
to all the aforementioned deformation fields, and the notch is prepared for in the aforementioned common electrode so 
that the deformation in the aforementioned deformation field may become uniform. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention belongs to the technical field of the piezoelectric device 
used for the ink-jet head equipment used for an ink jet printer etc., and ink-jet head equipment. 

[0002] 

[Description of the Prior Art] The ink-jet head used for the conventional ink jet printer is constituted by the 
piezoelectric device joined to the cavity plate and this cavity plate made fi-om the ceramic equipped with the ink 
pressure room divided with two or more partition walls, makes the ink pressure interior of a room produce pressure 
fluctuation by this piezoelectric device, and is made to breathe out from the nozzle which formed the ink of the ink 
pressure interior of a room in the cavity plate. 

[0003] Although the thing of various kinds is used for a piezoelectric device, a laminating type piezoelectric device is 
mentioned as an example. The electrode pattern of the positive/negative which has a predetermined interval mutually 
upwards and is arranged by tums upwards is screen-stenciled, the piezo-electricity which formed the this laminating 
type piezoelectric device in the shape of a sheet - a member - Furthermore, after piling up a piezo-electric member on 
this electrode and carrying out the laminating of a piezo-electric member and the electrode like the following, a ** 
binder and baking processing are performed and it is manufactured through the process of preparing two or more notch 
crevices so that the variant part of a piezoelectric device may be made becoming independent after that fiirther, 
respectively. 

[0004] such composition - two or more ink pressure rooms ~ respectively - alike ~ two or more variation rates of a 
piezoelectric device ~ the section can be made to be able to respond and good ink **** can be made to perform for 
every ink pressure room 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the aforementioned piezoelectric device is contracted by 
baking processing, dispersion in the width of face of an electrode may arise, or a gap may be produced in a laminating 
position. Consequently, dispersion was produced also in the deformation property of a piezoelectric device, and the 
problem that the discharging performance of ink became uneven for every nozzle was in one ink-jet head equipment. 
[0006] Since the voltage and the wave of a driving signal which are impressed to a piezoelectric device for eveiy 
nozzle in order to solve this problem conventionally were adjusted, there was a problem that control was complicated. 
[0007] this invention is made in view of such a trouble, and does not need complicated control, but makes it the 
technical problem to offer the ink-jet head equipment and the piezoelectric device which can make uniform the ink 
discharging performance of an ink-jet head, 
[0008] 

[Means for Solving the Problem] Ink-jet head equipment according to claim 1 Ink is stored in the mk pressure room 
established in the cavity plate at intervals of predetermined in order to solve the aforementioned technical problem. It is 
ink-jet head equipment which pressure fluctuation is given [ equipment ] to the aforementioned ink by the piezoelectric 
device joined to the aforementioned cavity plate, and makes the ink concerned breathe out from a nozzle, the 
aforementioned piezoelectric device A piezo electric crystal and the individual electrode prepared in the position 
corresponding to each of the aforementioned ink pressure room on this piezo electric crystal, The front face of the 
aforementioned piezo electric crystal is prepared by the wrap outermost-layer-of-drum section, and it has a common 
electrode common to all the aforementioned ink pressure rooms, and is characterized by preparing the notch in the 
aforementioned common electrode so that the **** speed of the ink from each nozzle may become uniform. 
[0009] According to ink-jet head equipment according to claim 1, although dispersion in electrode width of face, the 
position gap to an ink pressure room, etc. produce the piezoelectric device manufactured through a baking process 
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according to the error of the contraction in the case of baking, the front face of the aforementioned piezo electric 
crystal is prepared by the wrap outermost-layer-of-drum section, and the notch is prepared in the common electrode 
common to all the aforementioned ink pressure rooms so that the regurgitation speed of the ink from each nozzle may 
become uniform. Therefore, as for the piezoelectric device in the ink pressure room corresponding to each nozzle, the 
non-generating part of elecfric field is formed of the aforementioned notch, and the deformation is adjusted so that the 
regurgitation speed of the ink from each nozzle may become uniform. Consequently, the regurgitation speed of the ink 
from each nozzle becomes uniform, and quality image formation operation will be performed. 
[0010] Ink-jet head equipment according to claim 2 is characterized by preparing the aforementioned notch in the 
center section of the field corresponding to the aforementioned ink pressure room in ink-jet head equipment accordmg 
to claim 1 or 2, in order to solve the aforementioned technical problem. 

[001 1] According to ink-jet head equipment according to claim 2, since the aforementioned notch is prepared m the 
center section of the field corresponding to the aforementioned ink pressure room, at the ink pressure room concerned, 
the deformation field of a piezoelectric device and the non-deforming field by the notch are formed with sufficient 
balance, and adjustment ofink regurgitation speed is performed appropriately. . , ui 

[0012] In order that ink-jet head equipment according to claim 3 may solve the aforementioned technical problem, in 
ink-jet head equipment according to claim 1 or 2, it is characterized by the amount of notches of the aforementioned 
notch being in proportionality to the amount of slowdown adjustments of the aforementioned regurgitation speed. 
[0013] Since according to ink-jet head equipment according to claim 3 the amount of notches of the aforementioned 
notch is set up so that it may have proportionality to the amount of slowdown adjustments of the aforementioned 
regurgitation speed, the size of the notch which is the amount of slowdown adjustments will be immediately 
determined by measurement of ink regurgitation speed, and quick tuning will be performed. 
[0014] In order that ink-jet head equipment according to claim 4 may solve the aforementioned technical problem, in 
ink-jet head equipment given in any 1 term of a claim 1 or a claim 3, it is characterized by the aforementioned common 
electrode being an electrode for producing uni-morph deformation. 

[0015] Since the aforementioned common electrode is an electrode for producing uni-morph deformation according to 
ink-jet head equipment according to claim 4, by preparing a notch in the common electrode concerned, the generating 
field and the non-generating field of electric field are formed to a piezo electric crystal, and the field where uni-morph 
displacement is performed, and the field which is not performed are formed. Consequently, the deformation of a 
piezoelectric device is reduced as the whole. . j i. • i ui 

[0016] In order that ink-jet head equipment according to claim 5 may solve the aforementioned techmcal problem, m 
ink-jet head equipment given in any 1 term of a claim 1 or a claim 4, the aforementioned common electi-ode is 
characterized by being the up electi-ode prepared so that the front face of the aforementioned piezo electiic crystal 
might be worn and it might expose outside. 

[001 7] Since the aforementioned common electi'ode is an up elecfrode prepared so that the front face ot the 
aforementioned piezo elecfric crystal might be worn and it might expose outside according to ink-jet head eqmpment 
according to claim 5, formation of a notch is easy and the timing of ink regurgitation speed becomes easy. 
[001 8] In order that ink-jet head equipment according to claim 6 may solve the aforementioned technical problem, in 
ink-jet head equipment given in any 1 term of a claim 1 or a claim 4, it is characterized by the aforementioned common 
electi-ode being an electrode for producing bimorph deformation. 

[0019] since it is an electrode for the aforementioned common electrode producing bimorph deformation according to 
ink-jet head equipment according to claim 6, the generating field and the non-generating field of electiic field form to a 
piezo electiic crystal by preparing a notch in the common elecfrode concerned ~ having ~ a bimorph - the field where 
a variation rate is performed, and the field which is not performed are formed Consequentiy, the deformation of a 
piezoelectiic device is reduced as the whole. , • j- j i i ^ a 

[0020] A piezoelectiic device according to claim 7 is prepared so that a piezo electiic crystal, the individual electi-ode 
prepared in this piezo electiic crystal in order to form two or more deformation fields, and the front face of the 
aforementioned piezo electiic crystal may be worn and it may expose outside, in order to solve the aforementioned 
technical problem, it is equipped witii a common electiode common to all the aforementioned deformation fields, and 
is characterized by to prepare the notch in the aforementioned common electiwde so that the deformation m the 
aforementioned deformation field may become uniform. 

[002 1 ] According to the piezoelectiic device according to claim 7, it is prepared so that the front face of the 
aforementioned piezo electiic crystal may be worn and it may expose outside according to the error of the conti-action 
produced in the case of a baking process, although dispersion of elecfrode width of face or a position gap arises, and 
the notch is prepared in the common electi-ode common to all the deformation fields so that the deformation ot a 
deformation field may become uniform. Therefore, since the non-generating part of electiic field is formed of the 
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aforementioned notch and it does not deform partially by it, the deformation of a deformation field will be adjusted to a 
deformation field, and the deformation as the whole piezoelectric device -- uniform - **** - it becomes last thing 

[0022] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explamed based on an 
accompanying drawing. 

{0023] (1st operation gestalt) The 1st operation gestalt of this invention is first explained based on drawing 1 or 
drawing 4 . 

[0024] First, the outiine of the ink-jet head equipment of this operation gestalt is explained based on drawing_2. . 
[0025] Drawing 2 is the perspective diagram showing a showing [ the outiine composition of the head 1 for line type 
Inkjet printCTS ] important section. As shown in draw ing 2 , tiie piezo-electiic formula ink-jet head 2 of plurality 
[ head / for line type Inkjet printers / 1 / of tiiis operation gestalt ] is installed in tiie front face of tiie 1st ink passage 
plate 3 side by side. 

[0026] The 1 st ink passage plate 3 is tiie plate-like part material formed with aluminum or magnesium, the heater 4 
which pinched tiie pattern of stainless steel on tiie polyimide film is attached in a front face, and tiie outward tiip 5 of 
the ink suppUed from the ink tank which is not illusti-ated is formed in tiie rear face. Moreover, the breakthrough 7 
which pierced tiirough from a front face to tiie rear face, and was open for free passage witii the aforementioned 
outward tiip 5 is formed in tiie 1st ink passage plate 3, and the ink supplied to the aforementioned outward trip 5 is 
supplied to a front-face side by tiiis breaktiirough 7. Furthermore, tiie 1st ink passage plate 3 is stiick witii tiie 2nd ink 
passage plate 9. 

[0027] The 2nd ink passage plate 9 is tiie plate-like part material formed witii aluminum or magnesium like the 
aforementioned 1 st ink passage plate 3, and tiie retiim tiip 8 which discharges ink to tiie aforementioned ink tank is 
formed in the rear face. 

[0028] On tiie ottier hand, tiie piezo-electiic formula ink-jet head 2 consists of a base plate 10, a cavity plate 12, a 
nozzle plate 16, and a piezoelectric device 17. 

[0029] A base plate 10 is the plate-like part material formed witii aluminum or magnesium, and tiie breakthrough 7 of 
tiie aforementioned 1st ink passage plate 3 and tiie breakthrough 1 1 open for free passage are formed in tiiis base plate 
10. A rear face pastes tiie 1st ink passage plate 3 witii adhesives, and, similarly tiie cavity plate 12 pastes up tiiis base 
plate 10 on a front face with adhesives. 

[0030] The cavity plate 12 is tiie sintered compact of a ceramic, and while it is open for free passage witii two or more 
ink pressure rooms 13 where tiie upper surface was opened wide, the partition wall 14 which divides each ink pressure 
room 13, and each ink pressure room 13, witii tiie rear face, tiie aforementioned breaktiirough 1 1 and ink ****** 15 

open for free passage are formed. 

[0031] Two or more nozzle 16a which a nozzle plate 16 is tiie sheet-like member formed by tiie polyimide, and pierces 
tiu-ough from a front face to a rear face is formed. Widtii of face becomes narrow gradually and opening is formed in 
tiie apical surface by tiie nose-of-cam side opposite to the aforementioned ink ****** 15 side of the aforementioned 
ink pressure room 13. In this apical surface, tiie aforementioned nozzle plate 16 is pasted up with adhesives so tiiat tiie 
position of the aforementioned opening and the aforementioned nozzle 16a may be made in agreement. 
[0032] A piezoelecttic device 1 7 is a laminating type piezoelectiic device attached so that the upper surface (open 
field) of each ink pressure room 13 may blockade, and while carrying out tiie laminating of two or more piezo-electiic 
ceramic layers which consist of ceramic material of the titanic-acid lead zirconate (PZT) system which has piezo- 
electiicity and an electiostrictive effect, between each piezo-electiic ceramic layer, the patterns 26 and 27 of positive 
electrodes, such as silver palladium, and a cathode are formed of screen-stencil. In addition, in tamig 2 , although tiie 
publication is omitted in order to make the pattern of an electiode intelligible, tiie common electiode is continued and 
formed in tiie whole surface at the outermost layer of drum of a piezoelectric device 17. 
[0033] The aforementioned electiode patterns 26 and 27 and tiie common electiode which is not illustiated are 
connected witii tiie current supply edge which is not illustrated, and this current supply edge is connected with the 
drive IC 21 through the flexible printed circuit board 20. Furtiiermore, tiiis drive IC 21 is connected with the main 
substiate equipped witii CPU which is not illustiated tiirough a flexible printed circuit board 20. Therefore, tiie 
aforementioned piezo-electric ceramic layer displaces, the pressure in flie ink pressure room 13 of the cavity plate 
formed by tiie aforementioned pressure room sheet 12 and tiie base plate 10 is flucttiated, and ink is made to breathe 
out from nozzle 16a formed in tiie nozzle plate 16 by drive ICs 21 driving according to the driving signal outputted 
from a main substiate, and supplying driver voltage to tiie electiode pattern 1 8 from drive IC 21 fiirtiier. 
[0034] Since tiie whole head for line type Inkjet printers which tiiis ink discharging is simultaneously performed by 
each piezo-electiic formula ink-jet head 2, and is constitiited as mentioned above is rocked in tiie direction of arrow A 
according to tiie rocking mechanism which is not illustiated, on tiie recording paper P, high-speed printing is 
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performed per line. 

[0035] Next, the detailed composition of the piezoelectric device 17 used for the piezo-electric formula ink-jet head 2 
of this operation gestalt is explained based on drawing 1 . 

[0036] The piezoelectric device 17 of this operation gestalt carries out the laminating of two or more piezo-electric 
ceramic layers (six-layer piezo-electric ceramic layer as [ Drawing 1 ] an example) which consist of ceramic material 
of the titanic-acid lead zirconate (PZT) system which has piezo-electricity and an electrostrictive effect, and is 
constituted, in order to make an understanding easy here ~ from the outside piezo-electricity ceramic layer 24 - 
caudad - going - order - the [ 1st piezo-electricity ceramic layer 23 A, 2nd piezo-electricity ceramic layer 23B, 3rd 
piezo-electricity ceramic layer 23C, 4th piezo-electricity ceramic layer 23D, and ] - it is referred to as 5 piezo- 
electricity ceramic layer 23E the [ 1st piezo-electricity ceramic layer 23 A or ] - while the 1st intemal electrode 27 is 
formed in the position corresponding to each ink pressure room 13, corresponding to each partition wall 14, the 2nd 
intemal electrode 26 is formed in 5 piezo-electricity ceramic layer 23 E in the periphery position of the ink pressure 
room 13 

[0037] Moreover, the electrode etc. is not prepared in the side in contact with the ink in the ink pressure room 13 of 5th 
piezo-electricity ceramic layer 23C at all. This is for making it possible to isolate the electrode layer of a laminating 
type piezo electric crystal from the ink of the ink pressure room 13, without making it function on 5th piezo-electricity 
ceramic layer 23 C as an insulating layer, preventing that ink contacts the 1st intemal electrode 27 of upper 4th piezo- 
electricity ceramic layer 23D through this 5th piezo-electricity ceramic layer 23E, and preparing special insulating 
layers, diaphragms, etc., such as an insulating film, from this. 

[0038] the [ moreover, /1st piezo-electricity ceramic layer 23 A or ] - the laminating of the 5 piezo-electricity ceramic 
layer 23E is carried out so that each 1st intemal electrode 27 and the 2nd intemal electrode 26 may lap mutually, as 
shown in drawing 1 , and as the arrow A shown in drawing 1 shows, polarization of the laminating type piezoelectric 
device 17 which has this stmcture is carried out in the directions of a laminating, such as each piezo-electric ceramic 
layer 23 A the [ 1st piezo-electricity ceramic layer 23 A or ] ~ every of 5 piezo-electricity ceramic layer 23E ~ the 1st 
intemal electrode 27 is connected to the plus side edge child of a drive power supply who does not illustrate through 
the switch which is not illustrated ~ having ~ **** - moreover, every - the 2nd intemal electrode 26 is connected to 
the minus side edge child of a drive power supply, respectively 

[0039] On the other hand, it is prepared in the front face of the outside piezo-electricity ceramic layer 24 so that the 
common electrode 28 may wear the front face of the outside piezo-electricity ceramic layer 24 and it may expose 
outside, and the notch 29 is formed in the position corresponding to right-hand side to the 2nd ink pressure room 13 in 
the common electrode 28 concemed in the example shown in drawing 1 . 

[0040] Next, operation of the ink-jet head 2 containing the piezoelectric device 17 constituted as mentioned above is 
explained based on drawin g 4 . Drawin g 4 is the cross section of the ink-jet head 2 of d rawin g 1 . In addition, here 
explains as that by which the switch corresponding to the 2nd ink pressure room 13 was turned on from the right. 
[0041] the drive power supply which is not illustrated when the switch which is not illustrated through a controller (not 
shown) based on predetermined printing data is tumed on in drawing 4 - minding ~ every - driver voltage is 
impressed to the 1st intemal electrode 27 At this time, it connects with the plus side edge child of a drive power 
supply, and between each 2nd intemal electrode 26, as shown in drawing 4 , the electric field (Arrow C shows) which 
intersect perpendicularly with the direction of polarization of laminating mold thickness **** 23 (Arrow A shows) 
generate each 1st intemal electrode 27. thereby — the [ 1st piezo-electricity ceramic layer 23 A or ] — 5 piezo-electricity 
ceramic layer 23E deforms like illustration in share mode based on its piezo-electricity and electrostrictive effect 
Moreover, the outside piezo-electricity ceramic layer 24 is under the influence of the electric field of the direction level 
in the aforementioned polarization direction generated between the 1st intemal electrode 27 and the common electrode 
28 of arrow D, and deforms with uni-morph mode, the [ therefore, / aforementioned 1st piezo-electricity ceramic layer 
23A or ] - deformation of the share mode by 5 piezo-electricity ceramic layer 23E - in addition, since deformation of 
the uni-morph mode by the outside piezo-electricity ceramic layer 24 is performed A piezoelectric device 17 deforms 
greatiy, the capacity of the ink pressure room 13 decreases, the ink in the ink pressure room 13 is breathed out by this 
toward the recording paper P from nozzle 16a shown in drawing 2 , and printing of a character etc. is performed. 
[0042] Here, with the aforementioned share mode, when electric field are perpendicularly impressed in the direction of 
polarization to the polarized piezo electric crystal, it is the mode of the deformation produced in the piezo electric 
crystal concemed, and is the mode of the deformation produced when a piezo electric crystal causes thickness slipping 
in the direction parallel to the direction of polarization. 

[0043] Moreover, while fixing the elastic body to one side of the field where xini-morph mode is perpendicular to the 
polarization concemed of the polarized piezo electric crystal, when electric field are impressed to the direction of 
polarization, and parallel, it is the mode of the bending deformation produced by acting so that a piezo electric crystal 
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may expand and contract in the direction of a field and an elastic body may restrain it. With this operation gestalt, 1st 
piezo-electricity ceramic layer 23 A is functioning as the aforementioned elastic body. That is, if plus potential is 
impressed to the 1st internal electrode 27 and a minus electrode is impressed to the common electrode 28, the electric 
field of a direction level in the direction of polarization occur to the outside piezo-electricity ceramic layer 24, and it is 
going to contract the outside piezo-electricity ceramic layer 24 in the direction of a field while it is extended in the 
thickness direction, the [ aforementioned 1st piezo-electricity ceramic layer 23 A which bends in the direction of 
drawing 4 Nakaya mark B made into the whole bilayer, produces deformation, and is deforming with share mode since 
1st piezo-electricity ceramic layer 23 A restrains contraction of the direction of a field at this time, or ] - 5 piezo- 
electricity ceramic layer 23 E is made transformed further 

[0044] The deformation of the outside piezo-electricity ceramic layer 24 by this uni-morph mode is proportional to the 
size of the electric field which act on the outside piezo-electricity ceramic layer 24. Therefore, if a notch 29 is formed 
in the common electrode 28 as shown in drawing 1 , electric field will not act on the outside piezo-electricity ceramic 
layer 24 equivalent to the position of the notch 29 concerned, but deformation by uni-morph mode will be performed. 
Therefore, as the outside piezo-electricity ceramic layer 24 whole of the field shown by Arrow W in drawing 1 , only 
the part in which the deformation by uni-morph mode formed the notch 29 will decrease, the deformation of the 
piezoelectric device 17 to the 2nd ink pressure room 13 will decrease fi^om the right as a result, and the regurgitation 
speed of the ink breathed out fi-om nozzle 16a connected with the ink pressure room 13 concerned will decrease. 
[0045] As shown in drawing 3 , when it is in the state where the notch 29 is not formed, the regurgitation speed of the 
ink fi-om each nozzle is measured and dispersion has arisen between each nozzle at regurgitation speed in tiiis 
operation gestalt, the aforementioned notch 29 is formed, and regurgitation speed is adjusted by changing the area of a 
notch 29 further so that **** and the aforementioned dispersion may be lost. 

[0046] By for example, the difference in the contraction at the time of baking in the manufacturing process of a 
piezoelectric device 17 Supposing the pitches of an electrode differ, there is a field the center of an ink pressure room 
and whose center of electrode width of face do not correspond and the regurgitation speed of the ink fi-om a nozzle 
becomes quick 10% rather than mean velocity A notch 29 is formed so that the area (for example, area specified by 
width-of-face Wx length Y in drawing J ) of the common electrode 28 located on the ink pressure room 13 
corresponding to the nozzle may be decreased only 5%. Thereby, the deformation of the piezoelectric device 17 of the 
field concerned decreases, and ink regurgitation speed turns into mean velocity. In addition, the relation between the 
amount of adjustments of regurgitation speed and the area of a notch 29 decides to ask by experiment etc. beforehand. 
[0047] Moreover, a notch 29 is formed so that it may spread in the both directions of the direction of +Y, and the 
direction of -Y fi-om the center line L of the direction of Y which is the length direction of the common electrode 28 
shown in drawing 1 . Thus, by forming, the variation rate of the controller of a piezoelectric device 17 and the non- 
controller in the predetermined ink pressure room 13 can be balanced, and regurgitation speed can be adjusted 
appropriately. 

[0048] Moreover, the method of processing the method of forming a notch 29, using an end mill, and the method by 
the electron discharge method are mentioned. 

[0049] (2nd operation gestalt) Next, the 2nd operation gestalt of this invention is explained based on drawing 5 . 
[0050] Drawing 5 is the cross section showing the composition of the ink-jet head 2 of this operation gestalt. As shown 
in drawing 5_ , the ink-jet head 2 of this operation gestah is an example by which a piezoelectric device 17 is 
transformed by the compound mode in flexible mode and bimorph mode, and the common electrode 28 is formed in 
the field by the side of junction on the cavity plate 12. 

[0051] the outside piezo-electricity ceramic layer 24 in which the piezo-electric ceramic layer was most prepared in the 
cavity plate 12 side, and 1st piezo-electricity ceramic layer 23 A- the 6th - it has seven layer structures of piezo-electric 
ceramic layer 23F 

[0052] the 1st internal electrode 27 and the 2nd internal electrode 26 ~ the 6th firom the outside piezo-electricity 
ceramic layer 24 - it appUes to piezo-electric ceramic layer 23F, and is prepared by turns Moreover, on the outside 
piezo-electricity ceramic layer 24 equivalent to the position of the partition wall 14, the 2nd internal electrode 26 is 
formed between 1st piezo-electricity ceramic layer 23 A. 

[0053] Furthermore, the restricted layer 30 is formed on the 6th piezo-electricity ceramic layer 23 F and 2nd internal 
electrodes 26 of the above. 

[0054] although the direction of polarization of the outside piezo-electricity ceramic layer 24 and 1st piezo-electricity 
ceramic layer 23 A is the direction which goes to the restricted layer 30 side from the cavity plate 12 side - the 6th 
firom 2nd piezo-electricity ceramic layer 23B - polarization of piezo-electric ceramic layer 23F is carried out so that it 
may become the adjoining direction of polarization of a piezo-electric ceramic layer and an adjoining opposite 
direction 
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[0055] if minus voltage is impressed to plus voltage, the 2nd internal electrode 26, and the conmion electrode 28 in 
such composition at the 1st internal electrode 27 - the 6th from 1st piezo-electricity ceramic layer 23 A ~ piezo- 
electric ceramic layer 23 F deform in flexible mode, and deform the outside piezo-electricity ceramic layer 24 and 1st 
piezo-electricity ceramic layer 23 A in bimorph mode 

[0056] Here, when electric field are impressed in parallel with the direction of polarization to the polarized piezo 
electric crystal, flexible mode is the mode of the deformation produced in the piezo electric crystal concemed, and is 
deformation mode produced when the piezo electric crystal itself expands and contracts in the direction parallel to the 
direction of polarization, this operation gestalt — the 6th from 1st piezo-electricity ceramic layer 23 A ~ the 6th which 
is the best layer although even piezo-electric ceramic layer 23F tend to expand and contract in the vertical direction - 
since above expansion and contraction of piezo-electric ceramic layer 23F are restrained by the restricted layer 30 ~ 
the 6th from 1st piezo-electricity ceramic layer 23 A - piezo-electric ceramic layer 23F deform downward as a whole 
[0057] Moreover, while bimorph mode impressed electric field to the direction of polarization, and opposite direction 
to one piezo electric crystal among the two-layer piezo electric crystals by which polarization was carried out in this 
direction of the thickness direction, when the electric field of the direction of polarization and this direction are 
impressed to the piezo electric crystal of another side, it is the mode of the deformation produced when a two-layer 
piezo electric crystal causes bending. Bending of this two-layer piezo electric crystal is bending produced by 
deforming so that the piezo electric crystal by which electric field were impressed to the direction of polarization and 
opposite direction may expand and contract in the direction of a field while deforming so that the piezo electric crystal 
by which electric field were impressed in the direction of polarization and this direction may contract in tiie direction 
of a field. With this operation gestalt, since the electric field of the direction of polarization and opposite direction are 
impressed to the outside piezo-electricity ceramic layer 24 and the electric field of the direction of polarization and this 
direction are impressed to 1st piezo-electricity ceramic layer 23 A, the outside piezo-electricity ceramic layer 24 and 1st 
piezo-electricity ceramic layer 23 A will deform in bimorph mode. 

[0058] As mentioned above, in order for the piezoelectric device 17 of this operation gestalt to deform by the 
compound mode in flexible mode and bimorph mode, a big variation rate is obtained. 

[0059] And also in this operation gestalt, by forming a notch 29 (not shown in draw ing 5 ) in the common electrode 28, 
the deformation of a piezoelectric device 17 can be changed with bimorph mode, and the regurgitation speed of ink can 
be adjusted. 

[0060] However, since the common electrode 28 and the cavity plate 12 are joined using adhesives etc., two or more 
piezoelectric devices 17 at once are manufactured on the same manufacture conditions, and only one ink-jet head 2 as 
shown in drawing 5 among those piezoelectric devices 17 using one piezoelectric device 17 is manufactured to an 
experiment. And the ink regurgitation speed of each nozzle is measured and the size of the notch 29 in the common 
electrode 28 of the field corresponding to each ink pressure room 13 is presumed. And to the common electrode 28 of 
the remaining piezoelectric device 17, a notch 29 is formed based on estimate, the cavity plate 12 is joined, 
respectively, and the ink-jet head 2 is manufactured. Since it is thought that the property almost same also about the 
remaining piezoelectric device 17 as the piezoelectric device 17 used for the experiment is shown, equalization of the 
regurgitation speed of ink can be attained also by this method. 

[0061] In addition, in each operation gestalt mentioned above, although the case where a laminating type piezoelectric 
device was used was explained, this invention is not limited to this and can be applied also to the piezoelectric device 
formed by the monolayer. In this case, since the conmion electrode is not prepared, a notch will be prepared to an 
individual electrode. 
[0062] 

[Effect of the Invention] According to the error of the contraction in the case of baking, since according to ink-jet head 
equipment according to claim 1 the notch is prepared in the common electrode of a piezoelectric device so that the 
regurgitation speed of the ink from each nozzle may become uniform, even when a position gap of dispersion in the 
electrode width of face of a piezoelectric device and the electrode to an ink pressure room etc. arises, regurgitation 
speed of the ink from each nozzle can be made uniform, and quality image formation operation can be performed. 
[0063] Ink-jet head equipment according to claim 2 is characterized by preparing the aforementioned notch in the 
center section of the field corresponding to the aforementioned ink pressure room in ink-jet head equipment according 
to claim 1 or 2, in order to solve the aforementioned technical problem. 

[0064] According to ink-jet head equipment according to claim 2, since the aforementioned notch is prepared in the 
center section of the field corresponding to the aforementioned ink pressure room, at the ink pressure room concemed, 
the deformation field of a piezoelectric device and the non-deforming field by the notch can be formed with sufficient 
balance, and ink regurgitation speed can be adjusted appropriately. 

[0065] Since according to ink-jet head equipment according to claim 3 the amovmt of notches of the aforementioned 
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notch is set up so that it may have proportionality to the amount of slowdown adjustments of the aforementioned 
regurgitation speed, by measurement of ink regurgitation speed, the size of the notch which is the amount of slowdown 
adjustments can be determined immediately, and quick tuning can be performed. 

[0066] Since the aforementioned common electrode is an electrode for producing uni-morph deformation according to 
ink-jet head equipment according to claim 4, by preparing a notch in the conmion electrode concerned, the generating 
field and the non-generating field of electric field are formed to a piezo electric crystal, and the field where uni-morph 
displacement is performed, and the field which is not performed can be formed. Consequently, the deformation of a 
piezoelectric device can be reduced as the whole. 

[0067] Since the aforementioned common electrode is an up electrode prepared so that the fi-ont face of the 
aforementioned piezo electric crystal might be wom and it might expose outside according to ink-jet head equipment 
according to claim 5, a notch can be formed easily and tuning of ink regurgitation speed can be performed easily. 
[0068] preparing a notch in the common electrode concemed, since it is an electrode for the aforementioned common 
electrode producing bimorph deformation according to ink-jet head equipment according to claim 6 ~ a piezo electric 
crystal ~ receiving - the generating field and the non-generating field of electric field - it can form - a bimorph ~ the 
field where a variation rate is performed, and the field which is not performed can be formed Consequently, the 
deformation of a piezoelectric device can be reduced as the whole. 

[0069] It is prepared so that according to the piezoelectric device according to claim 7 the fi"ont face of the 
aforementioned piezo electric crystal may be wom and it may expose outside, to a common electrode common to all 
the deformation fields Since the notch is prepared so that the deformation of a deformation field may become uniform 
According to the error of the contraction produced in the case of a baking process, even if dispersion of electrode width 
of face or a position gap arises, the non-generating part of electric field can be formed in a deformation field by the 
aforementioned notch, and the deformation of a deformation field can be adjusted to it. And the deformation as the 
whole piezoelectric device can be adjusted imiformly. 
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